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Abstract
Sweeteners of natural sources, such as sugar alcohols, are in the centre of growing interest. Their impact on the phytochemi-
cals, antioxidant and sensory properties of blackberry jams were investigated during a 9-months storage period. Measure-
ments on jams prepared with different sugars and sugar alcohols (sucrose, fructose, xylitol and erythritol) were performed 
at the date of preparation and in the 1st, 3rd, 6th, 9th month.
Total polyphenol content, individual polyphenols, antioxidant properties, anthocyanin content and CIE L*a*b* colour were 
determined. Sensory profiles were determined by a trained panel. Sensory attributes were compared by the results of the 
electronic tongue and nose.
Sweeteners had a significant impact on physicochemical properties and sensory attributes. Storage time also affected the 
sensory and compositional properties of jams. Changes in antioxidant properties did not follow a clear trend during the 
storage period, and antioxidant capacity was not affected significantly by the sweetening agent, but showed a significant 
decline from the 6th month. A positive effect of xylitol was observed in terms of a low degradation rate of anthocyanins, 
while their decomposition was the fastest in the fructose-containing preparation. Jams sweetened with erythritol reached 
significantly lower values for some sensory attributes (blackberry flavour and general taste intensity), however, they showed 
more intense red colour. Multiple factor analysis enabled the identification of the effect of sweetener and storage time on 
the pattern of the sensory data matrix. Classification according to individual sweeteners was performed successfully by the 
electronic tongue, but not by electronic nose.
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Introduction
Sugar substitutes, especially natural sweeteners are getting 
more popular, in accordance with the trends of modern nutri-
tion. Products with reduced energy or sugar content, as well 
as sugar-free products made with sugar alcohols are very 
successful on the market, which can be partly explained by 
the increasing consumer aversion towards artificial additives, 
including intensive sweeteners. They are also used on a large 
scale by the food industry due to their favourable sensory 
attributes and good technological properties as thickeners 
or humectants; they are resistant to heat and pH changes 
and are not involved in Maillard reaction. Although sugar 
alcohols are not a health concern for healthy individuals, 
showing some potential health benefits [1], undesired effects 
as bloating and diarrhoea may appear at some people at the 
consumption of high doses, especially those suffering of 
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bowel problems. Nevertheless, xylitol and erythritol are 
reported to be more tolerable than sorbitol or mannitol. 
Safety of polyols is currently being re-evaluated by the Euro-
pean Food Safety Authority, this re-evaluation is planned 
to be completed by the end of 2020 [2]. As a sweetener 
alternative, fructose is still markedly present on the mar-
ket of diabetic products as a low-cost sweetener with a low 
glycaemic index (GI). Its insulin-independent metabolism 
takes place directly in the liver, acting as a major mediator 
in the development of non-alcoholic fatty liver disease [3]. 
Due to the above-mentioned health-related limitations, the 
use of sugar alcohols, and especially fructose, requires due 
foresight.
Berries and products containing berries, either in their 
fresh or preserved form, are popular amongst health-con-
scious consumers due to their high levels of bioactive com-
pounds, especially polyphenols. Polyphenol-rich diet has 
been associated with a range of health benefits, including 
anti-inflammatory effects, improvement of the endothelial 
and vascular function, improvement of fasting serum glu-
cose, as well as beneficial effects on the gut microbiome and 
modulation of energy metabolism. Thus, polyphenols are 
effective in optimizing cardiometabolic health and reduce 
risk factors of type II diabetes and the metabolic syndrome 
and may protect against cognitive decline and dementia 
[4–7].
There has been an increased concern over the past dec-
ades regarding the protection of nutritional values and qual-
ity optimization of processed foods, including the stabiliza-
tion of polyphenols. At the same time, market trends clearly 
point towards preferences for low-calorie, sugar-free fruit 
preserves. Due to the favourable sensory and physiological 
properties of sugar alcohols, their combination with fruits is 
clearly present in the food industry. On the other hand, it is 
well known that the food matrix can also have a beneficial 
effect on berry anthocyanin stability [8]. However, the final 
colour of a food product containing anthocyanin-rich fruits 
is only partly determined by the initial anthocyanin content 
of the ingredient. Anthocyanin transformation and degrada-
tion occurring during food processing operations and storage 
are complex processes that can significantly influence the 
actual colour of the product. Stability of anthocyanins is 
influenced by their skeleton, pH, light, temperature and the 
presence of complexing agents (proteins, metals) [9]. Thus, 
observed colour changes in processed foods are a composite 
result of various transformations of phenolic compounds in 
general, leading to yellowish or brownish pigments [10]. 
Darkening of the products is due to various oxidative reac-
tions taking place during thermal treatment, such as oxida-
tion of ascorbic acid or Maillard reaction, promoting dark 
pigments [11]. Thus, the overall colour alteration in ther-
mally processed and stored products is probably due to a 
number of factors, such as degradation and polymerization 
of pigments (anthocyanins in case of berries), interactions 
with other components of the matrix (including co-pigmen-
tation), oxidative reactions; i.e., mainly Maillard process 
and caramelising, and oxidation of tannins [9]. Therefore, 
processing operations should be optimized not only for food 
safety but also for the nutritional aspects. Properly designed 
and monitored processing and storage of processed foods 
are decisive in increasing shelf-life without altering their 
nutritional value, colour attributes, and functionality [10].
It is also known that phenolic compounds contribute to 
the sensory attributes of fruits as well, thus their alteration 
during processing and storage will have an impact on many 
of the sensory characteristics of fruit preserves, including 
flavour, aroma and colour [7]. Nevertheless, only limited 
information is available on the effect of sugar alcohols on 
the preservation of these bioactive substances present in 
fruits and the physicochemical changes occurring during 
heat treatment and subsequent storage of the preserved 
products [12].
In the present research, the impact of some sugars 
(sucrose, as reference and fructose) and sugar alcohols 
(xylitol and erythritol) was studied on several characteris-
tics of blackberry jams during storage, i.e., phytochemical 
(total polyphenol and anthocyanin) content, in vitro anti-
oxidant capacity, colour and sensory properties. Objec-
tives also included a comparison of sensory properties 
obtained by instrumental (electronic nose and tongue) and 
sensory profile analysis.
Material and methods
Materials
Fresh blackberry, sweeteners and pectin, as well as jars 
and caps were purchased from local supermarkets. All 
solvents and reagents were supplied by Sigma-Aldrich, 
except for potassium persulfate (Acros Organics), hydro-
chloric acid (Carlo Erba) and distilled water. Crystalline 
polyphenols standards of caffeic acid, catechin, chloro-
genic acid (5-caffeoyl-quinic acid, 5-CQA), epicatechin, 
ferulic acid, neochlorogenic acid (3-caffeoyl-quinic acid, 
3-CQA), p-coumaric acid, quercetin-3-O-rutinoside (rutin) 
were purchased from Sigma-Aldrich/Merck (St. Louis, MI, 
USA), whereas cyanidin-glucoside (kuromanin), cyanidin-
rutinoside (keracyanin), quercetin and quercetin-3-O-glu-
coside from Extrasynthese (Genay, France). High purity 
water (Type1) was supplied by a Meck/Millipore Elix-
Synergy water purification station. LC–MS grade formic 
acid and UHPLC-MS grade acetonitrile were purchased 
from VWR (Radnor, USA).
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Jam preparation and storage
Sweeteners, according to their sweetening power, were 
added to 1500 g of fresh fruit [13], i.e., 500 g sucrose 
(100%), 475 g fructose (105%), 500 g xylitol (100%) and 
715 g erythritol (70%). 9 g pectin was also added to each 
preparation for consistency, then the mixtures were heated 
and boiled for 5 min. The jams resulted were distributed into 
previously sterilized jars, turned upside down for 10 min and 
then sterilized in a thermostat at 90 °C for 30 min and left 
there overnight. The jams were stored at room temperature 
in semi-dark conditions, modelling household conditions for 
9 months, opening one bottle at the 0th, 1st, 3rd, 6th and 9th 
months for instrumental and sensory analyses.
Total soluble solids, total polyphenol, monomeric 
anthocyanin content and antioxidant properties 
of jams
The percentage of soluble solids in terms of Brix was deter-
mined according to the Annex of EU Regulation 974/2014/
EU, using a Kern Optics ORD 2UM digital refractometer 
[14].
Total polyphenol content (TPC, results expressed as gallic 
acid equivalents, GAE) [15] and total monomeric antho-
cyanin content (pH differential method, results expressed as 
cyanidin-3-glucoside equivalents, using the molar absorptiv-
ity value (ε) of 26,900 l/(mol*cm) [16] and ABTS + radical 
ion scavenging antioxidant capacity [17] (results expressed 
as trolox equivalents, TE) were determined spectrophoto-
metrically on a Thermo Helios-α spectrophotometer, using 
proper dilutions (usually tenfold) of the sample extracts. 
Analyses were performed in five replicates per sample, using 
a sample extract prepared by adapting the method reported 
by Garcia-Viguera et al. (1997) [18]. Briefly, 2.00 g of jam 
was extracted for 30 min in an ultrasound bath using 10 ml 
of methanol:water:acetic acid 75:24.9:0.1. After centrifuga-
tion (5 min, 4000 rpm), the supernatant was separated, and 
the extraction was repeated. The two supernatants were col-
lected, adjusting the final volume to 20 ml with water. The 
average of the ten results (two extractions and five replicates 
and for each extract) was reported for each jam type (except 
for anthocyanin content, where three replicates were meas-
ured per extract).
Colour determination
Colorimetric measurements were determined in the CIE 
L*a*b* tristimuli coordinate system with a Konica Minolta 
CR410 colorimeter. The instrument was standardized against 
a reference white plate (CR-A44) before sample measure-
ments. Jam samples were spread out at 1 cm depth on a Petri 
plate, and the L*, a*, b* values were measured in at several 
points of each sample, obtaining thus five replicates. ΔE 
values were calculated according to the formula [19]:
Sensory profile analysis
Sensory analyses were performed from freshly opened jars, 
at the date of preparation and at months 1, 3, 6, and 9, dis-
tributing the samples from the same jar among panel mem-
bers after homogenization. Samples were put in transparent 
glass bowls with 3-digit random sample codes. A simpli-
fied profile analysis was applied during the sessions, i.e. the 
sensory descriptors (required by ISO 11,035) were previ-
ously established (Fig. 1) and the 12 panellists were given 
a complete list of the attributes [20]. Panellists were trained 
according to ISO 8586:2012 in the Sensory Laboratory of 
Szent István University [21]. The sensory tests were carried 
out meeting all the criteria of the relevant ISO standards [22, 
23]. Sample characteristics were compared to internal refer-
ence values determined previously for the reference sample 
(sample containing sucrose). Neutral mineral water and neu-
tral bakery products were used as taste neutralizers between 
evaluations. Values of sensory attributes were evaluated on 
a 0–100 unstructured line scale. At the end of the scoresheet, 
an open-ended textbox was provided to describe any addi-
tional perceptions, attributes. Panellists worked in individual 
booths, with standard lighting, while data was captured with 
ProfiSens software [24].
Electronic tongue (ET) analysis
Jam samples were analysed with the Alpha ASTREE poten-
tiometric electronic tongue (ALPHA M.O.S., Toulouse, 
France). The sensor set composed of seven ISFET (ion-
sensitive field-effect transistor) sensors (ZZ, CA, BB, GA, 
HA, JB, JE) that were designed to analyse and recognise 
the compounds in liquefied food [25]. The electronic tongue 
also contains a reference electrode (Ag/AgCl), and during 
the measurement the potential differences between the refer-
ence and each working electrodes are detected. Results are 
derived from the average of the last 10 s of the individual 
sensors. Jam samples were measured in nine replicates.
Electronic nose (EN) analysis
Headspace analysis of samples was performed by an 
NST3320 type electronic nose (Applied Sensor, A.G., 
Sweden) with a built-in headspace autosampler unit for 12 
samples. The sample chamber contains 23 different sen-
sors, software for collecting and processing the data of the 
specimen. The NST 3320 is provided with 10 MOS-FET 
ΔE =
√
(ΔL∗)
2 + (Δa∗)
2 + (Δb∗)
2
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(metal oxide semiconductor field-effect transistor) sensors, 
12 MOS (metal oxide semiconductor) sensors, and a sensor 
for relative humidity measurements. Ambient air was used 
as a reference gas for the sensors, which was filtered through 
a silica gel column and a combined moisture/hydrocarbon 
filter. The gas flow rate of the dynamic sampling was set 
to 50 ml/min. The electronic nose measurement sequence 
started with sample equilibration at 30 °C for 15 min. Then 
reference air was pumped over the sensor surfaces for 10 s 
(baseline) followed by the infusion headspace for 20 s (sam-
pling time) while the sensor signals were recorded. After 
sample analysis, the recovery phase of the sensors was set 
to 260 s including the flush time of the gas lines (60 s) with 
filtered air prior to the next sample injection to allow the 
Fig. 1  Sensory profile of the 
blackberry jams at the begin-
ning (month 0) (a) and at the 
end (month 9) (b) of the period 
investigated
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re-establishment of the instrument baseline. The total cycle 
time per sample was 300 s. Each sample was measured 3 
times and the results of nine measurements from three rep-
licate samples were used for the statistical analysis.
Identification of phenolic compounds by LC–MS
Ultra-high performance liquid chromatography and electro-
spray ionisation triple quadrupole tandem mass spectrom-
etry (UHPLC-ESI–MS/MS) was used to monitor the fol-
lowing 12 polyphenols: caffeic acid, catechin, chlorogenic 
acid (5-caffeoyl-quinic acid, 5-CQA), cyanidin-glucoside 
(kuromanin), cyanidin-rutinoside (keracyanin), epicat-
echin, ferulic acid, neochlorogenic acid (3-caffeoyl-quinic 
acid, 3-CQA), p-coumaric acid, quercetin, quercetin-3-O-
glucoside, quercetin-3-O-rutinoside (rutin). Quinic acid in 
3-CQA and 5-CQA was considered as 1L-(–)-quinic acid 
3R, 5R-(1α, 3α, 4α, 5β) [26] and its caffeoyl derivatives were 
assigned using the IUPAC 1976 numbering of cyclitols [27].
Compounds were separated on a Phenomenex Kinetex 
EVO C18 100 × 2.1 mm, 100A, 2.6 μm C18 column (plus 
similar pre-column) with gradient elution using high purity 
water containing 0.1% formic acid (mobile phase A) and 
UHPLC-MS grade acetonitrile (mobile phase B). Flow rate 
was 0.5 mL/min and the injection volume was 10 µL. Gradi-
ent profile was as follows: 0 min 5% B; 4 min 60% B; 4.1 min 
100% B; 5.1 min 100% B and 1 min post time. Column was 
kept at 30 °C. Analysis was carried out in 6.1 min on an Agi-
lent Infinity II UHPLC coupled to an Ultivo ESI QQQ MS/
MS system. Mass spectrometric detection was performed 
in positive ion mode for kuromanin and keracyanin and in 
negative ion mode for the remaining ten compounds, apply-
ing the dynamic multiple reaction (dMRM) scanning mode. 
Method was previously optimised with reference standards 
for each analyte. Matrix-matched calibration was used for 
quantification and sample extract (0.5 g–20 mL) was fivefold 
diluted in mobile phase ‘A’ and filtered through a 0.22 µm 
PTFE syringe filter before injection.
Statistical evaluation
At the first step, results were analysed using descriptive sta-
tistics; average and standard deviation were calculated after 
outlier detection. Sensory data were screened for outliers 
using the z-score method. Outlier data was substituted with 
the group averages. Significant difference within different 
factors such as the storage time and sweetening agent were 
performed using two-way repeated-measures ANOVA. Due 
to the number of the observations this test was performed 
only in the case of the L*a*b*, ΔE, total polyphenol content, 
ABTS antioxidant capacity and the results of the sensory 
profile analysis. It was not possible to evaluate the inter-
action between the two factors as the number of degrees 
of freedom available for the calculations was too low. The 
test also did not provide sufficient results for the monomeric 
anthocyanins and individual phenolic compounds due to the 
lower number of observations and thus the eligible degrees 
of freedom. However, the assumptions of the test were ana-
lysed, i.e. elimination of outliers, normality and Mauchly’s 
sphericity test. In the case of significant Mauchly’s test 
of sphericity, the results were corrected using the Green-
house–Geisser test (when p < 0.75). The pairwise compari-
sons were done using the Bonferroni adjustment at p < 0.05 
significance level [28].
In the case of the electronic tongue and nose results, outli-
ers were identified based on the exploratory data evaluation 
(principal component analysis, PCA) and omitted before 
further data evaluation. As raw data pre-treatment, drift 
correction was applied in the case of ET to decrease the 
impact of the sensor drift during the different days [29]. Lin-
ear discriminant analysis (LDA) was applied to build models 
for the classification of groups according to the sweeten-
ing agents based on the results of ET and EN validated by 
three-fold cross-validation. Microsoft Excel 365 was used 
for the descriptive statistics, while R-project 3.5.2 software 
was used for processing the data of the EN and ET. Pro-
file analysis results were evaluated using ProfiSens v. 2012 
software [24]. The two-way repeated-measures ANOVA test 
was performed in IBM SPSS statistics software (Amonk, 
New York, USA). Sensory analysis data was evaluated using 
multiple factor analysis (MFA) to conduct a joint analysis of 
the five sensory sessions. MFA conducts individual PCAs 
on each of the data matrix and then merges them; hence 
enabling the researcher to analyse and visualize multiple 
data matrices as a whole. MFA was run using the XL-Stat 
software (Addinsoft, Long Island, NY, USA) [30].
Results and discussion
Total soluble solids, total polyphenol content 
and antioxidant activity
Refractometry did not show a clear increment of the Brix 
values (Table 1), therefore, we could assume that there were 
no substantial losses due to evaporation, thus variations of 
the measured physicochemical and sensory parameters 
reflect the changes that occurred as a result of the chemical 
processes related to storage.
Global variation in total polyphenol content was fol-
lowed by Folin–Ciocalteu assay during the whole storage 
period (Table 1). After an initial drop in the first 3 months 
(from 6.55 to 5.73 mg GAE/g for sucrose-, from 7.91 to 
6.85 mg GAE/g for fructose-, from 7.50 to 5.80 mg GAE/g 
for xylitol- and from 6.85 to 6.13 mg GAE/g for erythri-
tol-containing jams), an increase was observed for all the 
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sweeteners used, followed by a gradual decrease. Thus, in 
the 9th month the total polyphenol content measured by 
Folin assay ended up in values that were even higher than 
the initial ones (6.72 mg GAE/g for sucrose- and 8.15 mg 
GAE/g for fructose-based jams) or close to the initial val-
ues (7.21 mg GAE/g for xylitol- and 6.64 mg GAE/g for 
erythritol-sweetened jams). Results of the repeated measures 
ANOVA test showed that the sweetening agent (p < 0.001) 
and time (< 0.001) had a significant effect on the total poly-
phenol content of the jams. Significantly lower values were 
obtained for jams containing sucrose compared to jams 
containing fructose and xylitol. Fructose-based samples 
showed also significantly higher values compared to eryth-
ritol- and xylitol-based jams. Analysis of the effect of stor-
age time showed that significantly lower polyphenol con-
tent was obtained for samples in the  3rd month compared 
to all the other sampling points, while 1-month old jams 
showed also significantly lower phenolic content than 6- 
and 9-month-old samples. However, these changes did not 
reflect only the evolution of the original polyphenol con-
tent of the jams, where a decay was registered for almost 
all the compounds (especially the anthocyanins) monitored 
by LC–MS. The chemistry behind the differences observed 
by the two methods involves parallel processes: in addition 
to the degradation of the original phenolic compounds, the 
total polyphenol content measured by the Folin method cov-
ers other transformations as well, especially those result-
ing from the Maillard reaction, where new antioxidants are 
formed. Therefore, Folin assay will not reflect properly the 
overall changes of the endogenous phenolic compounds in 
jams with different sweeteners.
For most of the jams, polyphenol changes were not 
reflected in the decay of antioxidant capacity; Pearson corre-
lation coefficients revealed weak correlations, which are gen-
erally not significant: sucrose: r = − 0.013, p = 0.953, fruc-
tose: r = -0.405, p = 0.049 (significant at 0.05 level, 2-tailed), 
xylitol: r = 0.312, p = 0.129, erythritol: r = − 0.198, p = 0365. 
ABTS values showed a generally a non-linear decreasing 
Table 1  Total polyphenol content, ABTS antioxidant capacity, total monomeric anthocyanin content and L*, a*, b* and ΔE colour values of 
jams
Mean ± standard deviation
Sweet-
ener/
month
Total soluble 
solids (Brix, 
%)
Total polyphe-
nol content (mg 
GAE/g jam)
ABTS antioxidant 
capacity (μmol TE 
/ g jam)
Total monomeric 
anthocyanins (mg 
cyanidin-3-gluco-
side equivalents 
/100 g jam)
L* a* b* ΔE
Sucrose
 0 36.25 ± 0.17 6.55 ± 0.35 82.59 ± 3.44 74.03 ± 3.56 29.21 ± 0.14 4.02 ± 0.05  − 0.46 ± 0.02 –
 1 36.60 ± 0.12 6.09 ± 0.22 82.17 ± 2.88 59.14 ± 5.19 29.71 ± 0.34 3.78 ± 0.13  − 0.55 ± 0.06 0.64 ± 0.29
 3 36.62 ± 0.13 5.73 ± 0.32 79.28 ± 5.64 35.54 ± 1.26 29.83 ± 0.49 3.65 ± 0.12  − 0.40 ± 0.05 0.77 ± 0.38
 6 37.28 ± 0.36 6.82 ± 0.13 69.89 ± 4.24 23.18 ± 1.98 29.41 ± 0.35 3.50 ± 0.08  − 0.51 ± 0.02 0.60 ± 0.11
 9 37.52 ± 0.50 6.72 ± 0.13 77.53 ± 5.70 16.17 ± 2.85 29.27 ± 0.40 3.48 ± 0.05  − 0.52 ± 0.02 0.63 ± 0.17
Fructose
 0 36.10 ± 0.10 7.91 ± 0.37 84.78 ± 6.01 57.76 ± 3.89 29.17 ± 0.14 4.40 ± 0.05  − 0.36 ± 0.02 –
 1 35.18 ± 0.19 7.25 ± 0.17 79.64 ± 4.25 35.07 ± 3.51 29.34 ± 0.31 4.18 ± 0.07  − 0.38 ± 0.03 0.44 ± 0.23
 3 33.98 ± 0.28 6.85 ± 0.22 77.59 ± 2.95 19.23 ± 1.34 29.83 ± 0.38 4.04 ± 0.15  − 0.31 ± 0.05 1.28 ± 0.37
 6 33.92 ± 0.13 7.60 ± 0.12 70.45 ± 1.32 15.03 ± 1.45 28.90 ± 0.30 3.89 ± 0.16  − 038 ± 0.05 0.62 ± 0.19
 9 34.84 ± 0.23 8.15 ± 0.24 66.81 ± 3.09 10.13 ± 0.29 29.62 ± 0.49 3.88 ± 0.11  − 0.32 ± 0.08 0.54 ± 0.14
Xylitol
 0 34.06 ± 0.36 7.50 ± 0.26 87.09 ± 4.61 77.62 ± 1.25 29.14 ± 0.12 4.93 ± 0.12  − 0.15 ± 0.01 –
 1 34.06 ± 0.11 6.78 ± 0.18 84.90 ± 2.57 50.07 ± 0.88 29.55 ± 0.34 4.62 ± 0.12  − 0.28 ± 0.04 0.73 ± 0.27
 3 36.28 ± 0.33 5.80 ± 0.26 71.98 ± 4.06 32.42 ± 0.82 29.37 ± 0.22 4.43 ± 0.07  − 0.37 ± 0.01 0.65 ± 0.28
 6 35.43 ± 0.25 7.04 ± 0.05 70.15 ± 1.53 22.15 ± 2.19 29.80 ± 0.40 4.04 ± 0.02  − 0.43 ± 0.01 1.18 ± 0.35
 9 36.30 ± 0.10 7.21 ± 0.19 70.70 ± 2.20 16.11 ± 1.01 29.12 ± 0.07 3.96 ± 0.03  − 0.40 ± 0.01 0.99 ± 0.39
Erythritol
 0 40.60 ± 0.14 6.85 ± 0.26 79.10 ± 6.24 65.74 ± 3.23 29.16 ± 0.20 5.94 ± 0.14  − 0.37 ± 0.01 –
 1 40.26 ± 0.42 6.75 ± 0.36 75.51 ± 9.02 52.85 ± 2.76 29.63 ± 0.57 5.75 ± 0.04  − 0.42 ± 0.03 0.44 ± 0.32
 3 40.55 ± 0.13 6.13 ± 0.13 77.82 ± 7.43 31.17 ± 1.84 29.50 ± 0.26 5.72 ± 0.03  − 0.38 ± 0.08 0.52 ± 0.32
 6 40.78 ± 0.15 7.08 ± 0.10 76.98 ± 8.73 19.29 ± 1.17 29.53 ± 0.19 5.16 ± 0.04  − 0.44 ± 0.03 0.94 ± 0.28
 9 40.46 ± 0.17 6.64 ± 0.36 79.24 ± 5.37 14.25 ± 0.84 28.96 ± 0.17 5.05 ± 0.03  − 0.36 ± 0.01 0.95 ± 0.08
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trend with some exceptions (Table 1). An increase of 112% 
was detected for sucrose from month 6 to month 9, which 
was not observed for the rest of the sweeteners. Results of 
the repeated measures ANOVA test of ABTS antioxidant 
capacity showed that it was not affected significantly by the 
sweetening agent (p = 0.158), while storage time had a sig-
nificant effect on the results (p < 0.001). Samples stored for 
6 and 9 months showed significantly lower ABTS values 
compared to the freshly prepared jam samples and samples 
stored for 1 month, while jams stored for 3 months showed 
significantly higher antioxidant capacities compared to the 
6-month-old samples, and significantly lower compared to 
1-month old samples.
A number of papers report decay of polyphenols (spe-
cifically anthocyanins) during thermal processing of fruits 
and vegetables [10, 31], while others found an inconsist-
ent trend in the variation of these substances. Although a 
decrease in the antioxidant potential is typical for short heat 
treatments, a retrieval of these properties has been reported 
during prolonged heat treatment and/or storage. In our case, 
the observed oscillation in total polyphenol content and 
ABTS antioxidant activity during 9 months of storage were 
in line with the results obtained by many others for various 
products, including fruit liqueurs and diet jams [10, 32]. 
Many studies found that phenolic antioxidants do not fol-
low a specific reaction order. Even an increase of phenolic 
compounds was observed in the case of several processed 
fruit products, while native phenolics were degraded. The 
apparently unpredictable fluctuation of these values was 
explained by multiple mechanisms, including caramelising, 
Strecker degradation and Maillard reaction, degradation of 
phenolics with higher molecular mass to smaller phenolic 
molecules with potential antioxidant activity and various 
transformations of anthocyanins. Sugar-derived products 
formed in the advanced stages of the Maillard reaction, 
specifically furfural and hydroxylmethylfurfural, which 
were not detected in sugar-free jams, are known to accel-
erate anthocyanin degradation, leading to the formation of 
anthocyanin-procyanidin polymers and inducing a decay in 
global antioxidant capacity [33] Finally, in the last stage 
of the Maillard reaction brown-coloured melanoidins with 
high molecular weights are formed that possess antioxidant 
activity. On the other hand, some of the reaction products 
formed in the early stages of the Maillard reaction can act 
as pro-oxidants, thus the whole Maillard process contributes 
to initial decay and later an increase in antioxidant activ-
ity [10], which was in line with our observations. Antioxi-
dant compounds depletion in thermally treated fruits is also 
attributed to consumption of ascorbic acid and polyphenols 
as reactants in the Maillard reaction [10], ascorbic acid being 
also consumed in the caramelization reaction between reduc-
ing sugars and ascorbic acid, which can partly explain the 
observed incoherence between changes in polyphenol and 
antioxidant activity of our blackberry preparations. It is also 
known that fructose, as a monosaccharide, has a faster rate 
of Maillard reaction than sucrose, which contributes to this 
reaction only after its hydrolysis. This can account for the 
differences in antioxidant properties of sucrose- and fruc-
tose-containing jams during storage, especially the rise of 
antioxidant capacity from month 6 to month 9 [34]. Finally, 
transformations of anthocyanins and other components dur-
ing storage lead to polymerization and formation of new 
molecules that can react with Folin–Ciocalteu reagent, thus 
increasing the apparent polyphenol content. Hence, our 
results confirmed that the Folin–Ciocalteu method is not 
appropriate for observing polyphenol changes during stor-
age and it should be definitely completed by quantitative 
monitoring of the native individual phenolics to follow their 
evolution.
Additionally, the inconsistent trend in antioxidant activ-
ity change can be attributed to various reasons, including 
the hydrolysis of the flavonoid glycosides, delivering an 
additional -OH moiety that can react with the ABTS cation 
radical [32]. Moreover, the interaction of the phenolic com-
pounds or their oxidized form with the sugar molecules and 
the consequent formation of the reduced form of phenolic 
compounds that can interact with ABTS radicals [35] or—
to a lesser extent—the presence of non-polyphenol antioxi-
dants can also contribute to the observed lack of correlation 
between polyphenol content and ABTS radical scavenging 
activity obtained in our study. Other authors attribute the 
phenomenon to other factors, such as increased antioxidant 
power of polyphenols at an intermediate state of oxidation, 
increase in reducing sugar and formation of Maillard prod-
ucts, known to show a high antioxidant activity, which is 
often exerted in mechanisms similar to that of the ABTS 
assay [36]. As regards the impact of the sweeteners used, 
no significant differences were reported in the antioxidant 
activity (including ABTS radical scavenging activity) of 
aronia jams prepared with sucrose, xylitol and erythritol, 
whereas—in accordance with our findings—significant 
differences in total polyphenol content were found, never-
theless, these authors obtained the highest TPC values for 
xylitol [37].
Total monomeric anthocyanin content
Anthocyanin degradation, one of the main processes affect-
ing total phenolics content is reported by many authors in 
berry products and is partly attributed to indirect oxida-
tion by the phenolic quinones generated by the endogenous 
polyphenol oxidase and peroxidase enzymes [10]. Losses 
of monomeric anthocyanins in berry preserves take place 
via both anthocyanin degradation and polymerization, even 
before heat treatment (by enzymatic polymerization) and 
during storage. Nevertheless, these polymeric compounds 
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are supposed to contribute to the overall antioxidant capac-
ity, and compensate degradation losses, even though their 
in vivo activity may be completely different. They are also 
reported to be resistant to colour changes, regardless of pH 
[7, 10].
Deterioration of anthocyanins was registered during 
the whole storage period for all the sweeteners. Anthocya-
nin content of freshly prepared sucrose (74.03 ± 3.56 mg 
cyanidin-3-glucoside equivalents/100  g) and xylitol 
(77.62 ± 1.25 mg cyanidin-3-glucoside equivalents/100 g) 
jams was higher than for jams with fructose (57.76 ± 3.89 mg 
cyanidin-3-glucoside equivalents/100  g) and erythritol 
(65.74 ± 3.23 mg cyanidin-3-glucoside equivalents/100 g), 
but these differences were partly compensated during stor-
age; however, by the end of the 9th month the fructose-con-
taining jam showed a lower monomeric anthocyanin content 
than the other samples.
Degradation of anthocyanins followed first-order kinetics, 
as described in previous reports on processed blackberry 
products [8, 10]. The reaction rate constants [k = -ln(A/
A0*t)] and the half-life values [t1/2 = ln (2)/k] of the degra-
dation showed that the reaction was the slowest in the case 
of xylitol (k = 0.0046 day−1, t1/2 = 150.68 days), followed by 
sucrose (k = 0.0051 day−1, t1/2 = 135.91 days) and erythritol 
(k = 0.0053 day−1, t1/2 = 130.78 days), while decomposi-
tion was the fastest in the fructose-containing preparation 
(k = 0.0055 day−1, t1/2 = 126.03 days). In line with our obser-
vations, in strawberry jams fructose is reported to have a 
more pronounced degradation effect on anthocyanins com-
pared to glucose, sucrose and maltose [38]. This can be 
attributed to the enhanced rate of the Maillard reaction in the 
presence of fructose and thus to the formation of furfural and 
hydroxylmethylfurfural, shown to have a destructive effect 
on anthocyanins, as mentioned earlier.
Compared to fructose, erythritol and xylitol performed 
better, but only xylitol was superior to sucrose in terms of 
a lower degradation rate of anthocyanins. In a study, sour 
cherry purees prepared with sugar alcohols, erythritol and 
xylitol also showed protective effects on anthocyanins after 
6-months storage and both were superior to sucrose when 
preparations were stored cooled, but not when storage took 
place at a higher temperature [39]. In another paper, pre-pro-
cess sucrose addition resulted in colour improvement. This 
was attributed to a stabilizing effect of sugar on monomeric 
anthocyanins by decreasing the rate of anthocyanin degrada-
tion. This stabilizing effect is thought to be a consequence 
of a drop in water activity [32].
Polyphenol profile
Changes in phenolic composition during storage were moni-
tored by LC–MS (Fig. 2). The individual compounds and 
their evolution during the investigation period are shown 
in (Table 2).
Most of the polyphenols reported in fresh blackber-
ries (Rubus fruticosus L.) were found in the jams prepared 
with either sugars or sugar alcohols The main polyphenols 
detected were flavonoids: anthocyanins (cyanidin-3-O-
glucoside/kuromanin and cyanidin-rutinoside/keracyanin), 
flavan-3-ols (epicatechin, catechin), flavonols (quercetin, 
quercetin-glucoside and quercetin-3-O-rutinoside/rutin). 
This is in line with the values reported for blackberries, 
widely known for their high phenolic content. The most 
important polyphenols in whole fruit are anthocyanins, 
from which cyanidin-3-glucoside was the dominant one 
in blackberry jams (between 0.19 and 21.44 mg/100 g), 
whereas cyanidin-rutinoside was detected only in trace 
amounts [18]. The main phenolic acids and their deriva-
tives detected in our blackberry jams were chlorogenic 
acid (5-CQA), neochlorogenic acid (3-CQA), p-coumaric 
acid and ferulic acid. These findings are in accordance with 
Belitz et al., mentioning hydroxycinnamic and hydroxyben-
zoic acid derivatives as main non-flavonoids in blackberries: 
caffeoylquinic acids (chlorogenic and neochlorogenic acid) 
(45–53 mg/kg), 4-hydroxybenzoic acid (p-coumaric acid) 
(10–16 mg/kg), protocatechuic acid (68–189 mg/kg) and 
gallic acid (8–67 mg/kg) [13]. Their decomposition during 
storage reflected the main trends observed in the changes of 
monomeric anthocyanins, fructose being the sweetener that 
resulted in the quickest degradation during the whole period. 
Xylitol generally showed slightly better protection potential 
than erythritol, and both were superior to sucrose in many 
cases. Thus, sugar alcohols, especially xylitol, seemed to be 
the most suitable choice in terms of conservation of fruit-
based polyphenols in the jams prepared. This was in accord-
ance with the colour changes of these preparations observed 
on the red-green scale.
A gradual decomposition of the main anthocyanin, 
cyanidin-3-glucoside was observed for all the sweeteners: 
its amount in the 9th month was approximately similar in 
sucrose- (6.1 ± 0.5 mg/100 g), xylitol- (7.3 ± 0.1 mg/100 g) 
and erythritol- (5.7 ± 1.3 mg/100 g) containing jams (around 
25–30% of the original amounts: 31.3 ± 3.5, 26.6 ± 5.2 and 
28.8 ± 0.5 mg/100 g for sucrose, xylitol and erythritol, 
respectively), but it was drastically reduced in fructose-
based preparation (2.5 ± 0.3 mg/100 g, i.e., around 11% of 
the original amount of 23.3 ± 3.1 mg/100 g).
The reaction rate constants [k =  − ln(A/A0*t)] and the 
half-life values (t1/2 = ln (2)/k) derived from cyanidin-3-glu-
coside data were in accordance with the ones derived from 
the total monomeric anthocyanin measurements regard-
ing fructose and xylitol; the two sweeteners resulting in 
the quickest and the slowest degradation of anthocyanins, 
respectively. Xylitol provided the slowest degradation 
(k = 0.0041 day−1, t1/2 = 169.06 days) and the decomposition 
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was the quickest in the fructose-containing preparation 
(k = 0.0075 day−1, t1/2 = 92.42 days). However, in contrary 
to total monomeric anthocyianin-based results, the order of 
erythritol (k = 0.0056 day−1, t1/2 = 123.78 days) and sucrose 
(k = 0.0057 day−1, t1/2 = 121.61 days) was swapped.
Cyanidin-3-rutoside decomposed in a very similar man-
ner to cyanidin-3-glucoside, whereas quercetin glycosides 
seemed to be less sensitive to storage. Regarding flavan-
3-ols, epicatechin was far more sensitive to storage than 
catechin, and the former diminished most substantially in 
the fructose-based preparation, where its final amount was 
approximately half or even less (1.3 ± 0.0 mg/100 g) com-
pared to the other jams (2.6 ± 0.0 mg/100 g for sucrose, 
3.7 ± 0.1 mg/100 g for xylitol, 2.3 ± 0.0 mg/100 g for eryth-
ritol). The observed increase in catechin content might 
be attributed to its formation by gradual epimerization of 
epicatechin. Slight increase of some compounds, like phe-
nolic acids (p-coumaric acid, caffeic acid) and a flavonoid 
Fig. 2  UHPLC-ESI–MS/MS 
chromatogram of the freshly-
prepared sucrose-containing 
sample. Chromatograms are 
showing the measured quantita-
tive MRM transitions, indicated 
in each chromatogram next to 
the compound name
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aglycone (quercetin, in case of erythritol-based jams) was 
noticed during storage. This can be explained either by 
matrix decomposition processes, that may result in the lib-
eralisation of smaller free phenolic acids from more complex 
native molecules, e.g., p-coumaric acid from chlorogenic 
acids, or the release of free flavonoid aglycone forms from 
the corresponding glycosides (e.g., quercetin from rutin).
Colour changes
Colour changes were monitored on the L*, a* and b* scales 
during storage time, colour differences (ΔE) were also calcu-
lated (Table 1). Lightness of the jams showed an increase in 
the first three months and a decrease until the end of the stor-
age period in case of sugars, whereas these trends ran almost 
inversely for sugar alcohol-containing jams, having ended 
up in very similar values. Results of the repeated meas-
ures ANOVA test of L* values showed that the sweetening 
agent had no significant effect on the lightness of the jams, 
while the storage period produced such an effect (p = 0.03). 
The pairwise comparison showed no significantly different 
groups using the Bonferroni adjustment at p < 0.05, how-
ever, the least significant difference test (that is equivalent 
to no adjustment) showed (p = 0.021) that the samples stored 
for 9 months were significantly darker than samples stored 
for 1 and 3 months. This is somewhat controversial to the 
observed increase of lightness of various strawberry jams 
[39] or cherry jams, as observed by Rababah et al. (2014) 
[41]. Mamede et al. (2013) found that sucrose-containing 
jams made of umbu-caja were darker than those prepared 
with xylitol [40], which was not the case for our blackberry 
jams.
Results of the repeated measures ANOVA test of a* val-
ues showed that both sweetening agent and storage time had 
a significant effect on the red hue of the samples at p < 0.001 
significant level, according to the within-subject effect tests. 
In the case of the effect of sweetening agents, significant 
differences were found among all of the groups, the decreas-
ing order being: erythritol, xylitol, fructose, sucrose. The 
effect of the storage time showed that samples stored for 6 
and 9 months showed significantly lower a* values than the 
others and samples stored for 9 months obtained also signifi-
cantly lower a* compared to the 6 months stored samples, 
i.e. the red hue of the samples was significantly reduced 
from month 6. On the other hand, 1-month old samples, 
showed a significant decrease in redness compared to the 
fresh samples, while these differences were statistically not 
relevant for 3-month old samples.
Changes on the yellow-blue scale are inconsistent, as a 
result, no marked decrease was observed in the global b* 
values at the end of the observation period, the initial dif-
ferences having been equalized. Results of the repeated 
measures ANOVA test of b* showed a significant effect 
of the sweetening agent on the bluishness of the samples 
(p < 0.001), while storage time did not affect significantly the 
results (p = 0.094). Significant difference was found between 
erythritol sweetened jams compared to the sucrose-, fruc-
tose- and xylitol-sweetened jams: erythritol-sweetened jams 
were less bluish than the other three jams.
ΔE values showed that the global colour differences 
compared to the freshly prepared jams are higher at the 
end of the storage period for sugar alcohol-containing jams 
(0.99 ± 0.39 for xylitol and 0.95 ± 0.08 for erythritol). These 
differences are almost double compared to sugar-containing 
jams (0.63 ± 0.17 for sucrose and 0.54 ± 0.14 for fructose), 
however, repeated measures ANOVA revealed no significant 
differences determined by either sweetener or time. It should 
be noted that ΔE values are not following a continuously 
increasing trend, thus reflecting the fluctuating changes of 
L*, a* and b* values. This way, the maximum ΔE values 
are not necessarily reached by the end of the storage period. 
Nonetheless, in all the cases these values denote colour dif-
ferences that are not perceived by humans (ΔE < 1) or, in the 
case of xylitol-based jams, perceived only by experienced 
observers (1 < ΔE < 2) [41].
It was reported that sucrose-containing aronia jams 
showed the lowest L*, a* and b* values, followed by xylitol 
and erythritol [37]—this was confirmed in this study for 
a* and b* values. Some other authors also found that the 
intensity of red hue was higher in light cherry jams com-
pared to those with higher sucrose content, both at prepa-
ration and after storage [42]. The positive effect of xylitol 
on colour reported for strawberry jams [43] and the pro-
tecting effect of both xylitol and erythritol on the colour of 
sour cherry purees [39] was confirmed in our experiments. 
Erythritol-containing jams were significantly higher in red 
hue than all the other jams, suggesting that total concen-
tration of monomeric anthocyanin species are not the only 
determinant in colour expression. This phenomenon was 
also reported by Garcia-Viguera et al. (1997) [15] and oth-
ers [10] and was explained by the co-pigmentation: phenolic 
acids, flavonols and flavan-3-ols are known to interact with 
anthocyanins, producing an enhancement of colour intensity. 
Ifie et al. found that hydroxycinnamic acids are involved in 
the formation of new stable anthocyanin-derived pigments 
through condensation reactions with anthocyanins which 
may account for maintaining colour intensity [44]. Com-
paring the concentration of the phenolic compounds men-
tioned above in sucrose- and erythritol-containing jams, it 
was stated that all of them (i.e., quercetin derivatives: rutin, 
quercetin glucoside, quercetin, flavan-3-ols: catechin, epi-
catechin and all the phenolic acids (5-CQA, 3-CQA, p-cou-
maric acid, ferulic acid)) were present in higher amounts in 
the jams containing erythritol than in the jams containing 
sucrose, contributing thus to colour compensation. Never-
theless, a strong correlation between a* (red) values and 
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total monomeric anthocyanin content was observed for all 
the sweeteners (Pearson correlation coefficients at p = 0.05 
are: sucrose: 0.98, fructose: 0.99, xylitol: 0.97, erythritol: 
0.92).
Sensory analysis
In addition to colour, changes in the phenolic profile are 
also linked to other sensory attributes of the products, their 
alteration may be accompanied by changes in flavour and 
aroma as well. There are many papers reporting a compari-
son of sensory properties of preserved products containing 
sugar or sugar alcohols, especially xylitol. This latter is 
found to show similar or even superior properties in various 
food products when compared to sucrose. Sensory proper-
ties of umbu-caja jams made with sucrose were close to 
the ones made with xylitol, no significant differences were 
obtained for appearance, flavour and texture [40]. During the 
comparative sensory evaluation of jams containing sucrose, 
xylitol or erythritol, the xylitol-containing jam reached the 
best results in terms of taste, flavour and overall accept-
ance [35]. Xylitol showed a good performance with other 
fruit-containing products as well, reaching higher scores for 
fruity notes than sucrose [45]. The use of xylitol led to a 
good sensory acceptance even at high concentrations [46] 
being thus generally considered a good choice as a sugar 
substitute in jams.
During the 9-months storage period, the sensory proper-
ties of our blackberry jams were comparatively evaluated by 
the panel. Sensory profile of the samples at the beginning 
and at the end of the period investigated are shown in Fig. 1.
According to the two-way repeated-measures ANOVA 
analysis (Table 3), the sweetening agents had a significant 
effect (significance level p < 0.01) on all the investigated 
sensory parameters. Erythritol-sweetened jams were sig-
nificantly more reddish (higher hue values) compared to the 
other groups, while sucrose-sweetened jams were charac-
terized by significantly lower-rated hues, i.e. hues closer to 
black. A remarkable consistency was obtained between the 
evaluation of the panel for the hue (black-dark red scale) and 
the results obtained by colorimetry for a* values: erythritol 
was found to show the most intense red colour, which is 
reportedly one of the most important attributes, significantly 
determining consumer preference [47]. On the other hand, 
Table 3  Significant differences between physicochemical and sensory attributes as calculated by repeated measures ANOVA regarding sweeten-
ing agent and storage time
*pre-set reference values
Mean ± standard deviation. Superscript letters show significant differences (p < 0.05) between jams for different sweeteners and storage time: 
capital letters refer to sweetener models, lowercase letters refer to storage time models
Parameter Sucrose Fructose Xylitol Erythritol Month 0 Month 1 Month 3 Month 6 Month 9
TPC 6.38 ± 0.48A 7.55 ± 0.52C 6.86 ± 0.62B 6.69 ± 0.4AB 7.20 ± 0.62bc 6.72 ± 0.48b 6.13 ± 0.51a 7.13 ± 0.31c 7.18 ± 0.66c
ABTS 78.29 ± 6.25A 75.85 ± 7.46A 76.97 ± 8.13A 77.73 ± 6.98A 84.98 ± 4.22d 82.27 ± 3.38c 77.14 ± 4.84bd 70.85 ± 2.75a 70.79 ± 5.71ab
L* 29.49 ± 0.41A 29.51 ± 0.57A 29.39 ± 0.35A 29.34 ± 0.50A 29.22 ± 0.28ab 29.56 ± 0.40b 29.67 ± 0.62b 29.47 ± 0.44ab 29.24 ± 0.39a
a* 3.68 ± 0.22A 4.08 ± 0.23B 4.40 ± 0.41C 5.54 ± 0.39D 4.82 ± 0.77d 4.57 ± 0.75c 4.49 ± 0.86 cd 4.15 ± 0.64b 4.09 ± 0.60a
b*  − 0.46 ± 0.19A  − 0.35 ± 0.06A  − 0.3 ± 0.16A 0.01 ± 0.09B  − 0.21 ± 0.23a  − 0.22 ± 0.31a  − 0.27 ± 0.18a  − 0.35 ± 0.18a  − 0.32 ± 0.17a
ΔE 0.66 ± 0.25A 0.76 ± 0.41A 0.92 ± 0.34A 0.99 ± 1.24A – 0.85 ± 1.26a 0.78 ± 0.40a 0.85 ± 0.32a 0.84 ± 0.32a
Sensory attributes
 Hue 20*A 24.7 ± 7.2B 27.2 ± 9.5B 38.3 ± 15.7C 22.6 ± 7.4a 29.1 ± 14.1ab 27.4 ± 12.4ab 32.4 ± 13.8b 26.5 ± 8.3ab
General 
odour 
intensity
60*A 64.4 ± 9.9B 58.8 ± 10.3A 56.4 ± 13.1A 62.6 ± 13.1a 58.4 ± 8.8a 60.9 ± 7.1a 59.6 ± 11.7a 57.8 ± 8.0a
 Black-
berry 
odour
60*BC 63.7 ± 10.1C 56.7 ± 11.6AB 56.0 ± 9.4A 61.0 ± 8.7ab 55.6 ± 10.9a 60.3 ± 9.4b 58.5 ± 10.6ab 59.6 ± 6.3ab
 Sweet 
odour
30*A 37.4 ± 14.4B 36.2 ± 11.5B 31.4 ± 7.7AB 36.7 ± 12.6a 32.4 ± 7.3a 34.6 ± 11.3a 33.5 ± 10.5a 31.6 ± 9.1a
 Stickiness 40*A 44.8 ± 11.6AB 46.4 ± 12.2B 46.0 ± 15.9B 45.3 ± 10.8b 45.6 ± 10.4b 47.1 ± 16.1ab 44.5 ± 10.8ab 39.1 ± 8.3a
 General 
taste 
inten-
sity
60*B 62.3 ± 10.2B 60.2 ± 11.4B 53.2 ± 13.9A 58.1 ± 10.1a 58.9 ± 10.0a 62.1 ± 10.6a 59.4 ± 13.4a 56.2 ± 9.1a
 Black-
berry 
flavour
55*B 58.3 ± 9.1C 56.0 ± 8.4BC 45.1 ± 13.1A 54.5 ± 6.4b 53.5 ± 11.4ab 57.5 ± 12.5b 49.7 ± 11.0a 52.7 ± 7.7ab
 Sweet 
taste
40*A 46.5 ± 12.5B 45.7 ± 12.0AB 48.1 ± 16.7B 46.9 ± 16.4a 44.4 ± 11.4a 47.3 ± 12.5a 42.7 ± 11.9a 44.0 ± 7.9a
 Sour taste 40*A 48.3 ± 12.4BC 49.3 ± 14.9C 41.0 ± 12.4AB 47.2 ± 11.4a 45.5 ± 12.2a 43.4 ± 13.6a 46.2 ± 12.2a 41.0 ± 10.6a
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jams prepared with sugar alcohols obtained significantly 
lower scores for general odour intensity and blackberry 
odour than those containing fructose. Both fructose- and 
sucrose-based samples were superior to erythritol-sweetened 
jams in terms of blackberry odour. Fructose-containing 
samples were also superior to sucrose-sweetened samples 
in terms of their blackberry flavour. Erythritol-containing 
samples were inferior to the rest of the samples regarding 
general taste intensity and blackberry flavour. The low val-
ues obtained by erythritol for blackberry flavour and gen-
eral taste intensity are in accordance with those reported by 
Hwang et al. (2014), who did not recommend erythritol to 
be used as sole sweetener, because it influenced the sensory 
properties negatively [37]. However, erythritol- and fruc-
tose-containing samples were sweeter than sucrose-based 
jams. The differences detected among the organoleptic prop-
erties of our blackberry jams did not confirm entirely the lit-
erature reporting no significant sensory differences between 
sugar- and xylitol-based fruit products [40]. Fructose- and 
xylitol-containing samples had a more intensive sweet odour 
than the sucrose-containing ones. On the other hand, xylitol-
sweetened jams were perceived as being significantly sourer 
than erythritol- and sucrose-based jams, and while sucrose-
containing samples were less sour than the fructose-con-
taining ones. Finally, the use of sugar alcohols resulted in 
jams that were stickier than the sucrose-containing samples.
Regarding the effect of the storage time, only hue, black-
berry odour and flavour, and stickiness went through signifi-
cant changes (p < 0.05). Samples stored for 6 months were 
significantly more reddish compared to the fresh samples. 
Moreover, samples stored for six months were significantly 
weaker in blackberry flavour compared to 1- and 3-month-
old samples. Jams stored for 1 month were perceived as hav-
ing less intense blackberry odour compared to 3-month-old 
jams. Panellists in our study responded in the open-ended 
text fields that the erythritol samples showed a grainy, sandy 
texture. In addition, the samples at the endpoint were sig-
nificantly less sticky than the fresh jams and jams stored for 
1 month.
To identify specific patterns in our sensory data matrix, 
multiple factor analysis (MFA) was applied (Fig. 3). MFA 
performs individual PCAs on the data matrices obtained 
from the five sensory evaluation sessions. Figure 3a pre-
sents the scores plot of the MFA containing the results of 
all the sessions. Erythritol-containing samples are located 
on the left side of the plot and are not overlapped by fruc-
tose or sucrose-containing samples. Xylitol-based samples 
overlap with all other samples, while fructose samples are 
clearly different from erythritol-sweetened samples. A clear 
left–right differentiation is seen on Fig. 3a along with F1, 
in which colour, global odour and taste intensity proved to 
be the major contributors from the five data sets. Based on 
these results, we conclude that fructose- and erythritol-based 
samples showed different sensory properties. Figure 3b pre-
sents the connections among the different data sets. In a 
similar manner to Fig. 3a, clear trend can be seen along F1, 
meaning that sensory attributes changed not only among 
samples but during storage, too.
Although there are many reports available on the use of 
electronic nose and tongue in quality monitoring of fruits 
and processed fruit products [48, 49], there are only a few 
reports discussing experiments on jams, most of the papers 
focusing on fruit juices or nectars [50, 51]. Generally, these 
tools showed good performances in differentiating variously 
processed fruit products, including thermal processing. Elec-
tronic tongue shows better performance in most of the cases.
In line with literature reports, linear discriminant analysis 
(LDA) performed on electronic tongue results (Fig. 4) pro-
vided a correct classification (100%) for each group of the 
freshly prepared jams (month 0) according to their sweeten-
ing agent. The same correct classification was obtained at 
the end of the storage period (100%). Distances show that 
sugar-based preparations are more similar to each other than 
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those with sugar-alcohols. Due to the drift correction, discri-
minant analysis according to the sweetener can be done for 
the whole storage period, this leading again to a fully correct 
classification [52, 53].
On the other hand, LDA of the results obtained by the 
electronic nose (Fig. 5) provided no differentiation accord-
ing to the sweetener used, this suggesting differences 
rather in taste than in the odour of the jams prepared with 
different sweeteners. Classification models built according 
to sweetener type provided average recognition and pre-
diction abilities of 63.97% and 36.42%, respectively, in 
month 0. Measurement points of samples with erythritol or 
fructose were misclassified into all the other groups; points 
of the sample with xylitol were misclassified as the sample 
groups containing fructose and erythritol, while sucrose-
based jams were misclassified only into the xylitol-based 
class. For month 9 the average recognition and predic-
tion abilities were 71.60% and 40.98%, respectively. The 
Fig. 4  Linear discriminant analysis (LDA) performed on electronic tongue results in month 0 (a) and month 9 (b)
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results obtained showed a serious misclassification for 
sample group with erythritol, being classified as fructose- 
(71.37%) and xylitol-sweetened (28.63%) sample groups. 
Fructose-containing jams were misclassified as 11% 
belonging to xylitol-containing class, while xylitol was 
misclassified into all the other groups, and sucrose was 
misclassified as erythritol (12.36%) and xylitol (25.09%) 
sample groups.
Fig. 5  Linear discriminant analysis (LDA) performed on electronic nose results in month 0 (a) and month 9 (b)
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Conclusions
Evaluation of blackberry jams prepared with different sweet-
eners (sucrose, fructose, xylitol, erythritol) during 9-months 
storage revealed a series of significant differences in terms 
of antioxidant properties, polyphenol content, colour and 
sensory attributes. Thus, the type of sweetener had a measur-
able impact on the evolution of both sensory attributes and 
antioxidant properties. Storage time also had a well-defined 
effect on sensory and compositional properties of jams.
Antioxidant capacities and total polyphenol content did 
not change according to a consistent trend during the inves-
tigation period, this was most probably attributed to the for-
mation of Maillard reaction products and polymeric com-
pounds. Due to the complex processes occurring, changes 
in total polyphenol content measured by Folin–Ciocalteu 
assay were not in accordance with the decay of the indi-
vidual native phenolic compounds determined by LC–MS, 
therefore, it was concluded that the Folin assay cannot be 
considered as an efficient tool in monitoring polyphenol 
degradation during storage of jams. Regarding anthocyanin 
degradation, fructose proved to produce the highest decom-
position rate, while the reaction was the slowest in xylitol-
containing jams.
Colorimetric measurements revealed that erythritol-con-
taining jams were significantly higher in red hue than all the 
other studied jams. Similarly, when compared by a trained 
sensory panel, the jams sweetened with erythritol were per-
ceived as having been the most reddish. These findings sug-
gest that anthocyanin concentration per se is not the only 
significant determinant of the characteristic reddish colour 
of blackberry jams. It is noted, however, that erythritol-con-
taining jams obtained the lowest intensity scores for general 
taste intensity and blackberry flavour. On the other hand, 
fructose reached positive results in general odour intensity 
and blackberry flavour. Unlike the electronic nose, electronic 
tongue produced a correct classification according to the 
type of sweetener and time, this qualifying it as a potential 
tool applicable in the food industry for monitoring the sen-
sory properties of fruit jams with different sweeteners, as 
well as the alteration of these characteristics during storage.
Taking into consideration the positive effects that xylitol 
showed on anthocyanin decay, as well as its sensory scores 
that were not significantly lower than those obtained for 
sucrose, it can be concluded that xylitol may be eligible as a 
good alternative for diet jams. Although erythritol showed 
good performance in preserving the appealing red hue of the 
jams produced, its other important sensory attributes lagged 
behind those obtained by sugars or by xylitol.
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